Objective: Current scoring systems, which adjust prediction for severity of illness, do not account for higher observed mortality in neonatal intensive care units (NICUs) of children's hospitals than that of perinatal centers. We hypothesized that three potential predictors, (a) admission from another NICU, (b) presence of congenital anomalies and (c) need for surgery, would modify expected mortality and/or length of stay for infants admitted to NICUs in children's hospitals.
Introduction
Experience suggests that newborn intensive care units (NICUs) based in children's hospitals that care exclusively for outborn infants have higher institutional mortality than perinatal center NICUs with obstetrical services, even after adjusting for severity of illness. 1 The differences persist even when outcomes of only outborn infants are compared among neonates admitted to children's hospital NICUs versus perinatal NICUs. 2, 3 In the United States and Canada, children's hospital NICUs have an important role in extending specialized pediatric diagnostic and therapeutic services to newborns. 4 Infants are transferred from perinatal center NICUs or community hospitals for special centralized services available in children's hospitals. 4 These services include those for congenital anomalies, surgical problems and other complex multiorgan or single-organ abnormalities. Major neonatal surgery is often restricted to a few NICUs located in children's hospitals. [5] [6] [7] For the purpose of comparison between units, or benchmarking, it is important to include these units in regional/national comparisons as these units still cater predominantly to a neonatal population not served by any other type of units. However, an appropriate adjustment may be warranted for such comparisons.
For adult intensive care units (ICUs), transfer from another ICU was found to be a predictor of adverse outcome. 8, 9 Dragsted et al. 9 explained this as a 'lead-time' bias. Lead-time bias occurs when populations start appropriate interventions at different times in the course of an illness. 10 Adult severity-of-illness scores, such as the Acute Physiology, Age, Chronic Health Evaluation Version III (APACHE-III), 11 have been revised to incorporate transfer from another ICU as a predictor variable. We speculated that transfer from another NICU might indicate either an advanced illness or a complex illness that is not evident on initial measure of severity of illness due to stabilization at perinatal centers, and that neonatal scoring systems might be improved if it was included as a determinant. The adult APACHE-III revision also added certain diagnostic categories 11 as predictor variables. We speculated that for the neonatal population, two diagnostic categories, congenital anomalies and need for surgery, could be important predictor variables.
Neonatal severity-of-illness scores are used to adjust outcomes between populations for quality improvement and research purposes. 12 These include the Clinical Risk Index for Babies, 13 the Score for Acute Neonatal Physiology Version II (SNAP-II) and the Score for Neonatal Acute Physiology Perinatal Extension Version II (SNAPPE-II).
14 Except for the inclusion of congenital anomaly in the Clinical Risk Index for Babies score, none of the scores include variables such as source of admission or surgical interventions. Richardson et al. developed the SNAP indices, 14, 15 but acknowledged that the underlying diagnosis might be important for babies weighing >1500 g and speculated that congenital anomalies might have effects on mortality rates beyond those captured by physiologic derangements. 15 We, therefore, examined the roles of the following three potential predictors of outcomes of mortality and/or length of stay (LOS) for infants admitted to two children's hospital NICUs, after controlling for severity of illness at the time of admission: (a) admission source from another NICU compared to a non-NICU, (b) presence of congenital anomaly requiring current admission compared to no anomaly or an anomaly that is not the reason for current admission and (c) surgical intervention compared to nonsurgical reason for admission.
Methods
We reviewed consecutive admissions to two tertiary NICUs in children's hospitals in Canada that do not have obstetric unitsFthe Hospital for Sick Children, Toronto, and the Montreal Children's Hospital, Montreal. Admissions for convalescent or step-down care were excluded. Sources of data were ward registers, charts and computerized patient information systems. Admission periods in 2002 were selected to give roughly equal study numbers for the two hospitals: July to December for the Hospital for Sick Children and January to December for the Montreal Children's Hospital. Approval of institutional ethics board was obtained in each hospital.
Definitions
The referral center was defined as the infant's location just prior to transfer to the children's hospital NICU. It was defined as another NICU if the referral center was a level III (tertiary level) newborn unit, or as a non-NICU if it was from any other source. 16 All transfers from other NICUs came from affiliated university health-care institutions. Specific well-defined criteria for transfers were used. Referral centers were further classified based on the descriptions of the American Academy of Pediatrics/American College of Obstetricians and Gynecologists. 16 Severity of illness was measured by SNAP-II and SNAPPE-II, 14 scored for the first 12 h of admission to the children's hospital NICU. Score for Neonatal Acute Physiology Version II has six physiologic items. Three more items, the 5-min Apgar score, birth weight and smallness for gestational age, are added to obtain SNAPPE-II. Congenital anomalies were defined as those anomalies detected at birth involving either a single organ/system or several organs/systems. Patients were divided into three categories: patients with no congenital anomaly, patients with congenital anomalies not responsible for the hospitalization, and patients with congenital anomalies that resulted in acute hospitalization. Anomalies were categorized independently by an investigator from each center and differences were then resolved by consensus. Functional states, such as patent ductus arteriosus, were not defined as anomalies. Surgeries were defined as procedures that were performed in an operating room. Procedures such as central venous catheter placements done at the bedside were excluded. Surgeries were tabulated once per anesthesia as the most important procedure done. However, if two surgeries were done by different services during the same anesthesia, then this was counted as two surgeries, for example, ductus arteriosus ligation by a cardiovascular surgeon and intestinal resection by a general surgeon. A certain number of patients were included in both the congenital anomalies and surgeries groups. Length of stay was calculated as the number of days of NICU care in the children's hospital. Days after transfer to a pediatric ward or another center were not included. Mortality data were ascertained for the time of discharge. For this study, patients discharged on palliative care were included in the mortality outcome. Patients for palliative care were only discharged home or back to referral hospitals (in the event of the mother recovering during the post-operative period) for facilitating familycentered approach during near-terminal stages of an infants' course. This was a very infrequent occurrence (n ¼ 13).
Analysis and sample size Statistical Analysis System (version 8.02, Cary, NC, USA) was used for analysis and Epi Info (Atlanta, GA, USA) for sample size calculation. Bivariate analyses were done by w 2 test, t-test and Mann-Whitney U-test, as appropriate. Length of stay could not be modeled for multiple linear regressions without transformation. Length of stay was dichotomized (<21 versus X21 days based on mean LOS of 21 days in the entire cohort). Logistic regression was used to estimate the effect of potential determinants on both mortality and LOS. Six hundred and thirteen patients were needed to detect an increase to 15% mortality in NICU transfers from a baseline rate of 7%, 1 at a significance level of 0.05 with 80% power, assuming a 2:1 ratio of non-NICU to NICU referral sources. Referral centers were divided into seven categories according to their capabilities for delivering neonatal care. A w 2 test for linear trend was performed to determine the effect of referral center capabilities on mortality.
Results
The study population consisted of 625 admissions; this included 338 consecutive admissions to the Hospital for Sick Children (over a 6-month period) and 287 consecutive admissions to the Montreal Children's Hospital (over a 12-month period). Twenty-one patients were excluded: 18 convalescent admissions from a pediatric ICU, two convalescent admissions for family proximity and one who remained hospitalized at the time of analysis. Demographic characteristics are presented in Table 1 . The patients were heterogeneous in weight, gestational age, 5-min Apgar score and severity-of-illness measures. Transfer from another NICU, congenital anomalies requiring admission and/or surgery were identified in 371/625 (59%).
Univariable analyses (Table 2 ) and multivariable analyses (Table 3) for the outcomes of mortality and LOS >21 days showed the following: SNAPPE-II, transfer from another NICU and congenital anomalies were independent predictors of mortality; however, surgical intervention was associated with relatively higher probability of survival. SNAPPE-II, congenital anomalies and surgery were independently predictive of LOS X21 days. Hospital center (Hospital for Sick Children versus Montreal Children's Hospital) was not a predictor of mortality (P ¼ 0.52) or of LOS X21 days (P ¼ 0.29).
Further analyses revealed that compared to infants transferred from non-NICUs, infants transferred from other NICUs were more likely to have congenital anomalies, and were more likely to require surgeries (Table 4) .
Study patients were admitted from 89 referral centers (1 to 62 patients per center). These were divided into seven categories and the test for linear trend identified an increase in mortality rate with increasing complexity of services offered at the referral center (Table 5 ).
Discussion
We identified three independent predictors of outcome for outborn neonates admitted to children's hospital NICUs, after adjusting for severity-of-illness scores. Transfer from another NICU and congenital anomalies were associated with a relatively higher probability of death, and surgery was associated with a relatively higher probability of survival. Both congenital anomalies and surgery were associated with a relatively higher probability of LOS X21 days. These determinants are very frequent among neonates admitted to children's hospital NICUs compared to perinatal NICUs. Current neonatal risk assessment scores do not account for these variables when important outcomes such as mortality are compared. Similar to the evidence from adult ICUs, we present evidence in favor of acknowledging and incorporating these variables in predictive models of mortality for neonates cared for in the NICUs. Mortality and LOS are two commonly used outcomes for comparing health-care delivery in NICUs. Because risk factors vary across sites, such comparisons have used severity-of-illness assessments to control for confounding variables. Such 'benchmarking' allows unit managers to label NICUs with apparently best outcomes and identify candidate care practices that are believed to have the potential to lead to optimal outcomes. Third-party payers would like to assure themselves that money is being spent wisely, and consumers (parents) would like to be informed about the chances of a desirable outcome for their infant. However, these depend on conformance with crucial methodological assumptions, are bounded by specific limitations and are undermined if significant bias and confounders remain in the comparison exercise but are unaccounted for. The determinants of outcome for neonates admitted to children's hospital NICUs have not been a focus of research. Most NICUs serve a clientele where preterm birth and perinatal derangements requiring medical stabilization are prominent. Regionalization of perinatal services has led to reduction in mortality, 3,17 -22 and other important outcomes. 18,19,21,23 -25 However, this has led to children's hospital NICU care for a substantial proportion of infants transferred from other NICUs with complex diseases, congenital malformations and/or surgical problems. Harding 23 described worse respiratory disease, growth, periventricular hemorrhages and neurodevelopmental outcomes in preterm infants born in one NICU but transferred to another for bed shortages.
In our series, transfer from another NICU was associated with relatively higher probability of mortality after controlling for other predictors. Our findings are contradictory to those of Beeram et al., 26 who found that infants born in inappropriately low levels of care, outside hospital centers, had high mortality. In our series, mortality increased with the complexity of care in the referral center. This may be because the patients were transferred when they were severely ill or moribund or had complex diagnoses with a high likelihood of mortality. This may not necessarily be reflected in the severity-of-illness scores. The scores may be low due to efficient stabilization of prenatally diagnosed anomalies in perinatal NICUs, and therefore do not reflect the complexity of the problem. For example, a term infant born following an uncomplicated labor and delivery, but with prenatally diagnosed hypoplastic left heart that was stabilized and transferred to a children's hospital NICU would have a low severity-of-illness score. Yet such an infant would remain at an extraordinarily high risk of both mortality and prolonged hospital stay. A prenatally diagnosed gastroschisis patient will have very low severity-of-illness scores at the time of admission and, in the modern setting, will remain at relatively lower risk of mortality; however, the patient is associated with a prolonged LOS and will be at higher risk of other complications such as sepsis. These complexities cannot be accounted for by only adjusting for severity of illness at the time of admission. 27 Similar findings were observed by Rosenberg et al. for medical intensive care units. Rosenberg et al. 28 reported that a referral hospital with 25% of patients transferred from another ICU when compared with another with a 0% transfer rate would have 14 excess deaths per 1000 admissions when a benchmarking program adjusts only for case-mix and severity of illness but not for the source of admission. Suggested explanations for these discrepancies in the mortality rates for ICU were lead-time bias, selection bias, differences in the quality of care at source hospitals or certain unmeasured aspects of severity of illness not captured by the current scoring systems. 28 We explored the differences in the quality of care in our series. The concept of lead-time bias is not explored in detail for neonates. It would be interesting to explore this; however, we predict that the results will We identified congenital anomalies as an independent determinant of both mortality and prolonged hospitalization. Although others have reported that congenital anomalies increase the risk of mortality in the NICU, these observations have not been incorporated in all severity-of-illness scores. Hudome et al. 29 reported that 23% of deaths in an outborn children's hospital NICU had a chromosomal abnormality, Mendelian disorder or congenital malformation. Escobar et al. 30 reported congenital anomalies in 40% of NICU deaths. Ling et al. 31, 32 reported that 26% of neonates with congenital anomalies died before discharge, and 32% died in the first year. Van Regemorter 33 described 10 000 births at a university hospital in which the 1.7% of patients with major malformations accounted for 25% of deaths.
We identified that surgery was an independent determinant of both survival and prolonged NICU stay. Survival advantage may reflect potential reversibility of the problem by surgery. For instance, in surgical cases of necrotizing enterocolitis, higher severity-of-illness scores may underestimate survival when surgery can potentially reverse physiologic instability. When analyzed by individual surgery types (not reported here), we noted a wide variation in mortality for different operations. However, it would take a much larger population to incorporate this detail into an optimal predictive model. Our findings are concordant with the practice that surgery is offered when the potential of benefit outweighs the risks. Possible explanations for longer hospitalizations for surgical patients include time for recovery, complexity of illness (for example, short gut needing intravenous alimentation), the need to remain in the children's hospital for follow-up and problems that require serial surgeries.
The strengths of our study include data from two large Canadian centers that care exclusively for outborn neonates. The diversified population in these centers provided adequate sample size to test our hypothesis. The findings suggest that models that incorporate source of admission, presence of congenital anomalies and need for surgery as predictor variables may partially explain the differences in the outcomes in these infants better than current scoring systems.
However, our study is limited by the inclusion of a wide range of non-NICU sources of referral, the diversity of congenital anomalies and surgeries. This meant that we could not develop models for individual anomalies or surgeries built within the context of neonatal outcomes; this would only be feasible with a much larger sample size.
Our predictor model should be tested in other NICU settings and with new data from both the same and additional centers for validation. We suggest that the results could be used to help discriminate sources of bias and confounding that currently may be included in measured 'quality' of neonatal care provided at children's hospitals. The results could also apply to comprehensive perinatal centers that have, in addition to labor and delivery services, a full range of pediatric and pediatric surgical services. We hope that our results might stimulate further development of benchmarking criteria or scoring systems for comparisons between NICUs across the spectrum of case-mix so that fair comparisons are made. Exploration of the effects of lead-time bias and its method of impact such as failure of response to medical therapy, exhaustion of physiological reserve or other means is needed. Population-wide assessment to explore this association in the Canadian health-care system is also warranted to confirm or refute this notion.
In conclusion, fair performance comparisons of NICUs with different case-mixes, such as children's hospital and perinatal NICUs, in addition to severity-of-illness indices, should account for admissions from another NICU, congenital anomalies and surgery.
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